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A spectral analysis of the velocity distribution func-
tion in the slab ion temperature gradient driven turbu-
lence is done by using high-resolution Eulerian kinetic 
simulation results [1,2). It is clarified how the entropy 
variable associated with the fine-scale structure of the 
distribution function is produced by the turbulent heat 
transport in the presence of the temperature gradient, 
transferred from macro to microscales in the velocity 
space through phase-mixing processes, and dissipated 
by collisions. 
In order to investigate the velocity-space structure 
of the distribution function, we expand the fluctuation 
part of the ion distribution function A as 
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where Hn(-vll) is the Hermite polynomial of order n. In 
terms of the coefficient k n in the Hermite-polynomial 
expansion, the ion gyroki;'etic equation (integrated in 
V-L) is written as 
k=k'+k" 
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where on,m = 1 for n = m and 0 for n # m. The phase 
mixing process associated with the parallel streaming 
of particles are now represented by the interaction to 
the adjacent-order [ (n - 1) and (n + 1) ) terms in the 
Hermite-polynomial expansion of the perturbed dis-
tribution function with the same wave number vec-
tor k as shown in the second and third terms on the 
left-hand side. On the other hand, the E x B con-
vection, which is given by the last term on the left-
hand side, involves the distribution functions of only 
the same order n but with different wave number vec-
tors k". The linear source terms proportional to iii k 
(the gyrophase-averaged potential) on the right-hand 
side disappear for n 2': 3, which is the reason why 
the Hermite-polynomial expansion is employed here. 
A clear cutoff of the source like this never occurs if 
we use the Fourier expansion in terms of exp(ilvlI) 
(-00 < I < (0) as basis functions. 
We define the entropy variable oS by 
oS =' "'JdV (k 2 ) L..., II 2F 
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where OSk,n =' ~n!( ik,n 2) and oSn =' L:k OSk,n repre-
sent the entropy spectral functions in the (k, n )-space 
and in the n-space, respectively, and (- .. ) denotes the 
ensemble average. Then, we obtain 
where 
I n- 1/ 2 =' L 8kyn!Im(ik,n-dk,n) , 
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I n +1/2 =' L 8ky (n + 1)!Im(jk,nik,n+1)' 
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Here, Qi denotes the turbulent ion heat flux downward 
in the temperature gradient and 'liQi represents the 
entropy production supplied at n = 2 while -2vnoSn 
is the collisional entropy dissipation term. We also find 
that I n- 1/ 2 (In+1/2) represents the entropy transfer 
from the (n-l)th (nth) to the nth [(n+ l)th) Hermite-
polynomial portion. 
The entropy spectral function is analytically derived 
and conpared with the slab ITG turbulence simulation 
result [see Fig.l). The entropy spectrum obeys a power 
law in the range that is free from instability sources 
and collisional dissipation. The entropy spectrum ob-
served by the simulation can be well described by the 
analytical expressions as shown in Fig.l. 
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Fig.l. Comparison between entropy spectra JSn obtained 
by the kinetic simulation (solid and dashed lines) and those 
derived analytically (dotted and dot-dashed lines). 
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